ABSTRACT
The supporters of free trade have often relied on the EKC hypothesis and argued that trade generated resources, in particular the financial resources, would enable economies to make investments for environment protection and conservation, which would otherwise be unaffordable. They further contend that trade can improve environmental outcomes by encouraging greater efficiency, diffusing abatement technologies and raising environmental awareness. The opponents, on the other hand, posit that environmental problems proliferated in the process of global integration achieved through trade and investment liberalisation could be irreversible, with possible destabilising effects for the developing economies.
It has been believed and learnt from experience that trade and investment liberalisation could stimulate economic growth and foster greater welfare. However, the serious environmental damage caused in the process of growth acceleration is cause enough to believe that economic development and quality environment are inherently conflicting. The Environmental Kuznets Curve is a phenomenon, which challenges this dichotomy between development and environment as it offers greater economic growth as a means to solve environmental problems.
The rest of the paper is organized as follows: Section 2 lays down the conceptual framework for EKC. Section 3 provides a brief review of the extant literature on EKC. Section 4 presents a critical analysis of the EKC phenomenon.
Conceptual Framework
According to the EKC hypothesis, environmental damage increases in the early stages of economic development, but diminishes once nations reach higher levels of income, suggesting that the relationship between income (economic development) and environmental degradation takes the shape of an inverted U. This happens because developed countries have the necessary technologies for pollution abatement and also the necessary capital for implementing such technologies.
The basic philosophy of the EKC theory is that, although economic growth usually leads to environmental deterioration in the early stages of the process, in the end, the best and probably the only-way to attain a decent environment in most countries is to become rich (Beckerman, 1992) . In the early stages of economic growth, primary production dominates, there is an abundance of natural resources and limited generation of wastes but in the course of development and through industrialization, economies experience natural resource depletion and waste accumulation. During this phase, there is a positive relationship between economic growth and environmental degradation. With further economic growth, services, improved technology and information diffusion limit the material bias of an economy and result in reduced environmental degradation (Panayotou, 2003) . A hypothetical EKC has been presented in Figure 1 . The turning point in Figure 1 represents that level of income beyond which environmental degradation could be delinked from the process of economic growth. This is called the threshold level.
Figure 1: A Hypothetical EKC
Source: (Murthy and Bhasin, forthcoming) The EKC is named after Nobel laureate Simon Kuznets who purported an inverted-U shaped relationship between economic growth and income inequality. Intrigued by the character of changes in the personal distribution of income, Kuznets analysed data for US, England and Germany and came to the general conclusion that the relative distribution of income as measured by annual income incidence in rather broad classes, was moving towards equality particularly after the First World War. He explained that a change in inequality was a result of the expansion of the high-income modern sector of the economy at the expense of low-income traditional sector (Kuznets, 1955) . This sectoral shift is supposed to result in an inverted-U shape of inequalities over time.
Pollution
Poor countries
Middle Income Countries

Rich Countries
Per Capita Income
The de-linking and re-linking hypothesis
Some explanation for the EKC downturn is the explanation that comes from literature emanating from the developed countries themselves. It is argued that technology and capital, both of which developed countries have in abundance are the main reason for establishing the de-linking hypothesis. De-linking refers to decoupling of environmental impacts from economic growth. In other words, it is the process whereby aggregate economic activity gives rise to reduced environmental impacts (Vehmas et al., 2003) . The argument is that developed countries have the capital because they are capital intensive and that capital can buy green technologies. This leads to delinking in the sense, when the developed countries go beyond a threshold, they can afford to harness such technologies, which are expensive but effective in reducing environmental degradation.
As against this, developing countries neither possess the technology nor do they have the necessary resources so as to implement these technologies. On the other hand, developing overpopulated economies are purported to have two very negative features that are likely to aggravate the environmental problem; these are poverty and overpopulation. It is, therefore argued that developed countries alone have the potential to delink pollution from growth. In the first place, developing countries are not able to come out of the low-level equilibrium trap; secondly even if they are able to do so, they do not have the resources, both technological and capital so as to effect such a delinking.
Nevertheless, even if the de-linking hypothesis holds true, one could still doubt if the observed improvements in environmental quality will sustain in the long run. If such improvements could not be extrapolated into the future, delinking would only be a temporary phenomenon. This implies that there might come an income level, where there would be technological and economic upper bounds to improvements in environmental efficiencies, at least until further breakthroughs in research and development occur or a more intensive application of environmental policy checks is implemented. At this stage the de-linking conditions would not hold any more and environmental degradation and economic growth would be relinked again. This is referred to as the re-linking hypothesis (de Bruyn & Opschoor, 1997) . Re-linking could be defined as the empirical validation of a process in which pollution intensity has been stabilized or starts to rise again (Vehmas et al., 2003) .
This entire process signifies that EKC would not hold in the long run. What one can foresee is a N-shaped curve, which exhibits the same inverted-U shaped pattern initially but after a certain level of income is reached, the relationship between economic development and pollution would become positive again (Pezzey, 1989; de Bruyn et al., 1998) . Jha and Murthy (2003) attempted to estimate a Global EKC (GEKC) by examining the relationship between a composite environmental degradation index (EDI) and the HDI (Human Development Index), a better measure of economic development. The researchers have also articulated the need for consideration of environmental degradation and its worldwide distribution, in absolute terms. The study was conducted for 174 countries as represented in the Human Development Index (HDI) [UNDP (1999) ]. These 174 countries were classified into three development classes namely, High Human Development (HHD), Medium Human Development (MHD) and Low Human Development (LHD). The data used in the HDI was cross-section with most variables referring to the period 1990-1996. The Global Environmental Degradation (GED) Index was constructed using six variables, which were eventually narrowed down to four (annual per capita fresh water withdrawals, printing and writing paper consumed per capita, per capita CO 2 emissions and share of world total CO 2 ), using Principal Component Analysis (PCA).
Literature Review
The key findings were: Firstly, an inverse relationship existed between the HDI and EDI ranks for the HHD countries, as indicated by a negative correlation between HDI and EDI. However, in the case of LHD countries, this relationship turned out to be a positive one. In between the two ends, the relationship was mildly negative. Further testing validated the existence of a negatively sloped cubic GEKC assuming the shape of an inverted-N. Secondly, the influence that USA had on all the six environmental degradation variables, far outweighed that of all other countries put together, a factor that deserved special consideration while designing a policy framework for environmental degradation at the global level. China was found to be the second most influential country after USA. Thirdly, it was discovered that high country groups were responsible for raising the environmental degradation index while those in the lowest class were responsible for pulling down global environmental degradation in absolute terms. This highlighted the extreme inequalities prevalent in the worldwide distribution of environmental degradation.
The researchers further propounded that these findings would assist a global institution like WEO (World Environment Organization) in monitoring the level and distribution of global environmental degradation and also facilitate assignment of liabilities to countries for the same. The importance of considering inequalities in environmental degradation along with its intrinsic relationship with such inequalities across countries, in a global environmental management policy adopted by the WEO or a similar prospective institution was emphasized upon. Stern (2004) attempted to present a critical account of the EKC phenomenon. The researcher first, reviewed the emergence of the EKC supposition and the theory behind it. This was followed by an analytical assessment of the econometric framework testing EKC. A multitude of studies were examined in this context, with specific emphasis on some recent developments, which could be potentially paradigm altering in the EKC context.
The EKC phenomenon emerged with the pioneering work of Grossman and Krueger (1991) on NAFTA and was popularised by the World Bank's World Development Report, 1992. The EKC theory is based on various economic factors that drive environmental changes, the more proximate ones being scale, changes in economic structure or product mix, changes in technology, and changes in input mix. Also, environmental regulations, awareness, and education were the underlying causes, which could only exert an impact through the proximate variables.
Many studies supported the inverted-U shaped EKC using models based on rather simplified assumptions. Also, none of these theoretical models had been subject to empirical testing. The EKC literature seemed largely econometrically weak. To begin with, the earliest studies were simple quadratic functions of the levels of income, which seemed rather inappropriate. Some studies used a cubic EKC in levels and found a Nshaped pattern. The standard EKC regression model assumed same income elasticity across all countries at a given level of income. Most studies used panel data attempting to estimate both the fixed and random-effects models, but only fixed effects could be estimated consistently. This implied that results based on a particular sample of data could not be extrapolated to other samples.
Another issue limiting the scope of clear inferences was the possibility of GDP being an integrated variable. This called for cointegration of EKC regression, an attempt only few studies have made so far. Even when cointegration was found, the form of EKC relationship varied across countries with many countries exhibiting U-shaped EKCs. The researcher analysed the findings of a number of EKC studies such as Grossman and Krueger (1991) , Shafik (1994) , Selden and Song (1994) and further assessed in more detail the work on sulphur pollution and emissions. The only robust conclusions found were that emissions of pollutants tend to be monotonic with income, but concentrations might decline from the middle-income levels. Also, the EKC was never shown to apply to all pollutants. More quality work was required especially on indicators other than air pollution.
The way there were econometric issues, the researcher highlighted several theoretical concerns as well. He emphasised how Arrow et al. (1995) and others argued against the EKC model as presented in the World Development Report and elsewhere.
They had contended that the model ignored the possible feedback from environmental damage to economic growth by assuming income to be an exogenous variable. It was also argued that, if there was an EKC type relationship, it might be partly or largely a result of the effects of trade on the distribution of polluting industries (Arrow et al., 1995 and Stern et al., 1996) . Stern et al. (1996) also challenged the EKC assumption of normal distribution of world income.
The researcher emphasised on some recent and paramount developments in the EKC literature. Empirical evidence from developing countries provided by Dasgupta et al. (2002) suggested that the overall EKC shape is that of their -new toxics‖ EKC (new pollutants replacing traditional ones, did not exhibit an inverted-U relationship), that is, emissions would increase monotonically with income. But over time this curve would shift downward and to the left due to technological change (parallel to their revised EKC scenario). Much of Dasgupta et al. evidence came from China but was backed by other studies. Their main contribution was presenting evidence supporting the possibility of environmental improvements in developing countries and that the levels at which environment degradation peaked for these countries were lower than countries that had developed earlier.
Against the backdrop of econometric criticisms of the EKC namely, heteroskedasticity, simultaneity, omitted variables bias, and cointegration issues, improved econometric testing was emphasized. The EKC model was found to be writhing with econometric misspecifications and required improvement by incorporation of additional variables. Testing with improved models indicated higher turning points and a monotonic pattern for emissions of most pollutants.
Finally, the researcher discoursed two such approaches that went beyond the EKC to look at the development-environment relationship in a new way. These approaches namely, index number decompositions of emissions and production frontiers estimated using linear programming or econometrics, analysed the proximate factors driving changes in pollution emissions. The conclusion was that time-related technique effects were the means through which emissions of pollutants could be brought down. Structural factors on both the input and output played a role in modification of the gross scale effect but their average contribution seemed less important than time-related effects. Evidence suggested that a particular innovation might be first adopted preferentially in higher income countries but developing countries followed suit with relatively short lags.
Overall, there seemed only little evidence for the inverted-U shaped EKC. It could hold for concentrations of some pollutants but more rigorous testing was required. Also, deducing a simple and predictable pattern between per capita income and environmental degradation seemed rather difficult. The true EKC could be in the form as proposed by Dasgupta et al. (2002) . Also, recent developments suggested that time-related technique effects would be more influential than structural factors in bringing down pollution emissions. Further, the income elasticity of emissions was likely to be less than one and not negative in the case of rich countries, contrary to the EKC proposition. Kaika and Zervas (2013a) have reviewed the evolution of the Environmental Kuznets Curve (EKC) concept and the possible driving forces of an EKC pattern. They then revisited the literature on EKC for CO 2 emissions in particular, to be able to assess the existence of a pattern for the same. The extant literature suggested that the transition from concerns of natural resource scarcity limiting growth to propositions recommending acceleration of economic growth for higher world output and a better environment, laid the foundation for EKC in the 1990s.
The main features of the EKC-subject were delineated. According to the EKChypothesis, further economic growth could improve environmental degradation after an economy had reached an adequate level of economic growth, resulting in the relationship between environmental degradation (per capita) and income (per capita) taking the shape of an inverted U. Air pollution, water pollution and land or soil pollution were found to be the most common forms of pollutions examined in the extant empirical EKC studies. Further, most empirical EKC estimations used a general reduced form model based on time-series cross sectional data or panel data in order to measure directly the impact of income on environmental degradation. In order to diagnose the possible causes of an EKC pattern, the researchers reviewed forces other than income that drove an EKC pattern. These forces included equity of income distribution, pollution haven hypothesis, structural changes, technical progress, evolution of energy intensity and conservation efficiency, government policies and social institutions, and lastly, consumer preferences. The significance of these causes explained adequately and in some cases only partially, a possible EKC pattern.
Moreover, owing to the global implications of CO 2 emissions, the researchers revisited studies examining the relationship between CO 2 emissions and economic growth. They found conflicting results but in most cases, CO 2 emissions appeared to be rising monotonically with income growth. They concluded that no EKC-pattern existed with respect to CO 2 emissions possibly on account of relation of CO 2 emissions with energy use, which was essential for economic growth. Kaika and Zervas (2013b) have reviewed major critiques of the EKC concept and also attempted to throw light on some additional issues that have been reported indirectly in the existing literature and deserve further examination. Their analysis focused on critical assessment of the implicit assumptions of the EKC concept, namely, normal distribution of world income, unidirectional causality running from income to the indicator of environmental degradation, the expectation that developing countries would follow growth patterns similar to that of developed countries, no consideration of consumption patterns, the type of pollutant under consideration and some econometric concerns.
The additional issues appraised were, the EKC presupposition that production base of an economy would shift from agriculture to industry and consequently to services, assumed to be less polluting and also the inability of economic growth in overcoming income inequality. The findings suggested that world income was not normally distributed rather remained highly skewed; therefore the use of average income, as an index of economic growth in the EKC-studies was doubtful if the majority of world population was below the world average income. To this end, the use of median income rather than the average income in empirical estimations was suggested. Further, consideration of and changes in income elasticity of pollution-intensive goods was validated to be crucial in an EKC analysis to ensure that conclusions were not misleading. As far as the type of pollutant was concerned, the emergence of an EKC pattern seemed to be resting on the weighting of some special characteristics of the pollutant such as its relative spatial effect, its relative health effect and its relative abatement cost effect. Moreover, the existence of an EKC pattern for a pollutant in a country did not imply existence of similar patterns for other pollutants as well. Also, there wasn't enough evidence to believe that developing countries would imitate the growth patterns of the developed world because of the changing socio-economic peculiarities of the developing economies.
The econometric issues reported included concerns about data validity, unavailability of time series data for a longer time period, lack of tests on heteroskedasticity, omitted variable bias, the presence of unit roots in series, the direction of causality and the spatial effects of emissions to other countries. For the additional issues examined, it was found that the GDP series in empirical EKC studies using time series data did not reflect a gradual transition from industry to services and the rebound effects of energy efficiency on energy consumption challenged the implicit assumption of services sector being less polluting. Also, contrary to the Kuznets' proposition of income distribution, the researchers propounded that despite adoption of a policy for fast economic growth, substantial widening in income inequality would remain and even if such inequality were to decrease for a particular country, the pattern could not be generalised for others. The study did not render the EKC theory as useless but highlighted the bounds within which the EKC concept could be valid, emphasising the need for proper consideration of the historical and socio-political framework of each country in an EKC analysis. Kanjilal and Ghosh (2013) examined the cointegrating relationship between carbon emissions, energy use, economic activity and trade openness for India with a view to test the EKC hypothesis in the context of possible regime shifts in the long run relationship of the underlying variables. Data on energy use per capita in kg of oil equivalent, CO 2 emissions per capita in metric tons and GDP per capita in constant 2000 US$ along with export and import as percentage of GDP were collected from the World Development Indicator website for the period 1971 to 2008. The methodology adopted was ARDL (Autoregressive-distributed lag) bounds tests cointegration and threshold cointegration.
The findings based on application of ARDL bounds test suggested absence of a cointegrating relationship among variables. However, the threshold cointegration tests ascertained a long-run relationship between carbon emission, energy use, economic activity and trade openness with two endogenous structural breaks. This implied that the cointegrating relationship witnessed two regime shifts, and thus changed twice during the period of the study. The presence of these structural breaks within the sample period was attributed to the economic crisis of 1990-1991 and the external oil price shocks witnessed by India. However, the timing of each structural break was endogenously determined.
The researchers concluded that the presence of cointegration among variables could be reasonably expected as higher economic activity necessitated more energy supply predominantly from coal, which had the highest carbon emission coefficient. They also acknowledged the fact that India was a net importer of energy with imports of coal and gas exhibiting increasing trends. The EKC hypothesis was true for India. Also, the elasticity of CO 2 emissions with regard to energy use and per capita income was high. To this end, the researchers suggested design and implementation of suitable environmental policy framework, which would facilitate low carbon sustainable growth. They emphasized the need to enhance investment in energy infrastructure and clean carbon technologies. They advocated that energy related R&D, international collaborations and technology transfers from the developed world could assist India's attempts of achieving greener growth. Jayanthakumaran et.al (2011) endeavoured to examine the relationship between emissions, growth, energy use, trade and endogenously determined structural breaks for India and China in order to garner evidence for existence of an EKC relationship for the same. The data for China and India on CO 2 emissions (China in metric tons per capita and India in kilotons), energy consumption (kt of oil equivalent per capita), trade intensity (export+import/GDP), GDP per capita (constant 2000US$) and manufacturing value added (constant 2000US$) were collected from World Development Indicators for the period 1971 to 2007. The bounds testing approach to cointegration and the ARDL methodology were employed to test the short run and long run relationships among the variables under consideration. The impact of manufacturing sector (the ratio manufacturing to GDP) and cumulative emissions (other than per capita emissions) were also estimated for both countries.
The findings validated the EKC hypothesis for China and India. In case of China, a 1 per cent increase in per capita income led to a 1.62 per cent increase in per capita CO 2 emissions and a 1 per cent increase in per capita income squared led to a 0.13 per cent decrease in per capita CO 2 emissions. As far as India was concerned, a 1 per cent increase in per capita income led to a large 7.85 per cent increase in the per capita CO 2 emissions and a 1 per cent increase in per capita income squared led to a 0.66 per cent decrease in the per capita CO 2 emissions. India's heavy reliance on domestic production/consumption was cited as one of the reasons for the high level of emissions. Further, China's trade openness had a negative impact on CO 2 emissions during the estimation period but for India no significant long-run impact of foreign trade on emissions could be found.
The researchers recommended a cautious interpretation of the trade and emissions relationship for China since the same might depend on interplay of several opposing factors. A consumption-based analysis was suggested in this regard. Moreover, per capita energy consumption had a long-run positive impact on CO 2 emissions for both nations such that a 1 per cent increase in energy consumption led to a 1.15 per cent and 0.97 per cent increase in emissions for China and India respectively. Thereafter, with the addition of the manufacturing/GDP ratio, the EKC hypothesis was reconfirmed for China though for India no long-run relationship was found among the variables. The result, that a 1 per cent increase in the ratio manufacturing to GDP caused a 0.29 per cent increase in per capita CO 2 emissions over the short run in China reflected the relative prominence of the manufacturing sector in the economy.
To add to this, analysis conducted with cumulative emissions (as against per capita emissions) as the dependent variable offered similar results such that the EKC hypothesis was validated for China in the long run but no long run relationship was found for India. The researchers concluded that structural changes, in that, growth of manufacturing and enhanced energy consumption were causing higher emissions in China but for India, with its considerable informal economy, a clear association between structural changes and CO 2 emissions were hard to deduce. Zhao et.al (2013) have tested the validity of the EKC hypothesis for long term historical CO 2 emissions by using the traditional EKC equation and a new linear model attempting to identify EKC patterns at individual country, region and global scales with different development stages (time periods). For the country level analysis, 16 countries were selected and classified into developing (low income) and developed (high income) countries based on income per capita. The developing countries included China, India, Brazil, Mexico, Algeria, Angola, Cameroon and Djibouti, and the developed countries included the United Kingdom, France, Germany, United States, Canada, Japan, Australia and Italy. For the global scale analysis, 88 countries (19 developed countries and 69 developing countries) were selected. The CO 2 emissions data were obtained from the Carbon Dioxide Information Analysis Center (CDIAC) for the period 1751-2007. The methodology used was the traditional EKC quadratic equation and its first order derivative, that is, the new linear model.
The findings for the traditional EKC analysis suggested different relationships between CO 2 emissions and GDP per capita for different countries at an individual as well as group level. The major EKC patterns exhibited included N-shaped for US, Canada, Japan, Italy, Mexico and the developed countries as a single group; monotonic for Australia, China, India, Brazil and the developing countries as a whole and inverted-U for UK, France and Germany. No regular patterns could be inferred for the African countries, namely Algeria, Djibouti, Angola, and Cameroon.
As far as the linear model was concerned, the results revealed that CO 2 emissions in the most recent decades in many countries and regions supported the EKC hypothesis but in the form of an inverse-V shape for UK, France, Germany, USA, Canada, China and the developed countries as a group; inverse-U shape for Japan, Italy, Australia and the developing countries as a whole with lack of apparent patterns for the four African nations. Meanwhile, testing for different development stages across nations suggested all the developed countries and the whole world followed the EKC pattern in the past 50 years, except Italy that supported EKC only in the past 40 years. Among the developing countries, the EKC theory was supported for China in the past 40 years, for India in the past 20 years, for Mexico only during the periods of 1988-2007 and 1978-2007, for Brazil and Algeria in the past 10 years, for Djibouti in the past 50 years, for the developing countries as a single group only during the 1988-2007 and 1968-2007 periods. However, Cameroon and Angola did not follow the EKC pattern at all in any periods.
It was concluded that different countries with different economic development stages featured different EKC patterns with very rapid increase in CO 2 emissions in the early industrialisation stages but slower decrease in emissions during the latter development stages, resulting in an asymmetric curve, which could not be explained by the traditional EKC theory alone. This meant that the overall EKC curve was hierarchic and scaledependent, and composed of many parts of smaller EKCs. Thus, the quadratic model did not hold for most countries and at the global scale but the linear model, supported the validity of the EKC theory from regional to global scales in most recent decades. This suggested that the overall development of a country or region might not follow an overall EKC pattern, but the EKC hypothesis could still be justified during different periods of economic growth. Babu and Datta (2013) have attempted to redefine the conventional EKC framework by linking a more broad based measure of environmental degradation to variations in diverse indicators of economic progress. The analysis was based on secondary data obtained from the World Bank Development Indicators (WDI) Database regarding 22 developing countries covering the period of 1980 to 2008. The countries included were from three regions of the world namely, Asia, Latin America, and Sub-Saharan Africa. The countries from Asia included India, Pakistan, Bangladesh, Nepal, China, Indonesia, Malaysia, and Philippines. Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, and Peru were selected from Latin America while Cameroon, Ghana, Kenya, Madagascar, Malawi, Mauritius, and Nigeria were considered from Sub-Saharan Africa. The variable of interest for the study was the Environmental Degradation Index (EDI), defined as 1-1/5(soil quality index + water quality index + air quality index + forest quality index + ores and metal availability index) and the explanatory variables were GDP and DBI [Development Balance Index= 1/3(GDP index + 1/2(education index + life expectancy index) + ecological footprint index)], considered under separate models. The methodology adopted was Fixed Effect Regression model.
The key findings, for the EDI and GDP model, were that when all countries were considered together, EKC took the shape of a cubic polynomial representing a N-shaped figure. Further, assessment of individual group of countries revealed a N-shaped pattern for EDI and GDP in case of Asia and Sub-Saharan Africa. However, for Latin America the EKC relationship took the shape of an inverted U. Meanwhile, evaluation of the EDI and DBI model revealed that the N-shaped pattern between EDI and DBI prevailed not only when all the countries were taken together but also when they were considered in individual groups. The researchers claimed superiority of the EDI and DBI model over the EDI and GDP model since DBI were more inclusive and could facilitate a better understanding of the income and environment nexus.
It was concluded that in all the countries considered, increasing state of development index was not able to mitigate environmental degradation after a critical level of economic development was reached, as evidenced by a N-shaped relation. To this end, the researchers suggested immediate intervention through stringent government policies, greater awareness for environment protection, use of bio-energy sources and biodegradable products along with extensive afforestation programs.
Critical Analysis
The literature on EKC is devoted to two phenomena: first, testing for existence of an inverted-U shaped relationship between income (per capita) and select environmental degraders, and second, determination of the threshold level or the turning point, that is, the level of income beyond which environmental quality begins to improve.
The early EKC estimates showed that some important indicators of environmental quality such as the levels of sulphur dioxide and particulates in the air actually improved as incomes and levels of consumption went up. Over the years, this theory has been tested and validated for certain countries using specific indicators of environmental degradation. But, there have been some key concerns:  The inverted-U shape of EKC is taken for granted and empirically examined for countries by relating individual degraders with individual indicators of economic development. But, linking individual pollutants to the level of per capita income (as done in most cases) could produce misleading conclusions as pollutants could be related to each other and to other indicators of environmental degradation. Also, a country's per capita income maybe only an imperfect indicator of its development (Jha and Murthy, 2003) .  There are several econometric concerns. To begin with, the earliest studies were simple quadratic functions of the levels of income, which seemed rather inappropriate. Some studies used a cubic EKC in levels and found a N-shaped pattern. The standard EKC regression model assumed same income elasticity across all countries at a given level of income. Most studies used panel data attempting to estimate both the fixed and random-effects models, but only fixed effects could be estimated consistently. This implied that results based on a particular sample of data could not be extrapolated to other samples (Stern, 2004) . The econometric issues of heteroskedasticity, simultaneity, omitted variables bias and cointegration have rendered the EKC literature econometrically weak.  Most empirical EKC studies have attempted to estimate the level of average income that would correspond to the threshold level of the typical EKC pattern, with the implicit assumption that world income is normally distributed. However, world income distribution is highly skewed with much larger number of people below world mean income than above it. Therefore, it is the median rather than mean income that is the relevant variable (Stern et al., 1996) .
 The early-EKC literature implicitly assumed a uni-directional causality running from income to environmental degradation, thereby ignoring the rebound effects of energy efficiency (Kaika and Zervas, 2013b) . They don't seem to acknowledge the possibility of environmental degradation having a reverse effect on the process of economic growth.  Validity of the EKC pattern has been contingent on the type of pollutant considered.
The inverted-U shape has been supported mostly when the pollutants in question were associated with low and local short-term abatement costs such as sulfur dioxide, particulates, etc. No apparent patterns could be found for pollutants with long-term effects such as CO 2 emissions (Kaika and Zervas, 2013b) .  EKC studies have not given consideration to the consumption side of the economy.
The forces sufficiently explaining EKC such as structural changes, technological advancements or international trade pertain to the production side. Hence, if the needs of domestic consumption were satisfied by imports, then this effect would not be taken into account in an EKC analysis focusing only on domestic production (Rothman, 1998 and Cole, 2004) . In the light of the aforesaid concerns, the validity of EKC as a universal phenomenon has remained questionable. Empirical analysis has revealed that, it may apply to select pollutants and to certain countries assuming different forms (inverted-U, U shaped, N-shaped or monotonic). Therefore, there are bounds to its validity. It is possible that the overall development of a country or region might not exhibit an overall EKC pattern, but the EKC hypothesis could still be justified during different periods of economic growth. (Zhao et al., 2013) Moreover, most empirical work has focused on individual EKCs (Jha and Murthy, 2003) but owing to the global implications of environmental degradation, more efforts should be made to examine the validity of EKC as a global phenomenon, which would require relating a composite index of environmental degradation to a better measure of economic development across countries. This could render clarity on the tools through which and the circumstances in which the process of economic growth improves environment and thereby, assist policy makers in understanding the evolution of environmental quality over time.
